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INTRODUCTION
Okra (Abelmoschus esculentus (L.) Moench) also known as lady's finger, Bhindi and gumbo belonging to the family Malvaceae. According to De Candolle (1886), West African considered to be the origin of Okra due to distribution of related wild species in the Nile Valley and Ethiopia. However, Bates (1968) , reported that Okra originated in South and South-East Asia as wild relatives are abundantly distributed in the region. Chheda and Fatokun (1982) reported the existence of records which indicated that okra was cultivated in Egypt prior to 1216 A.D. The studies by Martin et al. (1981) distinguished two major classes of okra, the conventional and unconventional types, as earlier described by Siemonsma (1980; 1982) . Siemonsma (1982) and Singh and Bhatnagar (1975) reported that the West African okra contained 194 chromosomes as against 130 of the conventional okra, thus constituting a new okra species.
Okra is an important vegetable crop mainly grown for its tender, delicious green fruits which are cooked, canned and consumed in various forms. Nutritionally, it's rich in carbohydrate, fat, fibers, oil, mineral, and vitamins viz., B1, A, and C (Rashwan 2011) . The leaves are sometimes used as cattle feed. Fresh okra fruit contains 2.1 g protein, 0.2 g fat, 8 g carbohydrate, 36 calories, 1.7 g fiber, 175.2 mg minerals, and 88 ml of water per 100 g of edible portion (Tindall, 1983; Berry et al., 1988) . Its edible leaf per 100 g contains about 81 ml water, 56 calories, 11 g carbohydrate and 4.4 g protein. Industrially, mucilage of Okra has been added as size to gaze certain paper used confectionary. The stem is almost large with bark and fibers which are suitable Table 1 . List of germplasms of okra used for evaluation.
Accession
No.
Local names of collected germplasms
Place of collection for spinning into rope and for paper and card board manufacturing (Chevalier 1940; Charrier 1984) . The fibers are used to make fishing lines, game traps and sponges (Osawaru and Dania-Ogbe 2010) . Okra is widely distributed and cultivated in tropics and subtropics of the world. India is one the leading okra producer with the production of 6.346 million t year -1 from an area of 0.532 million ha, with the productivity of 11.9 t ha -1 (National Horticulture Board 2014). The reduction in the productivity and yield in okra is mainly due to lack of location specific varieties tolerant to pests and diseases such as fruit and shoot borer and yellow vein mosaic virus disease (Thirupathi Reddy et al. 2012) . Hence, the first step in okra improvement should involve evaluation of the germplasm to assess the existing genetic variability for yield and yield related traits. The knowledge on nature and magnitude of variation existing in available breeding materials would help in choosing characters for effective selection of potential parents for further use in breeding programme. A better understanding of the extent of genetic diversity among okra germplasms is necessary for planning selection programme aimed at improvement of yield. Realizing the importance of developing high yielding okra genotypes, the present study was undertaken to assess the variability and genetic diversity of okra germplasms for various agro-morphological traits under peninsular conditions of Southern India.
MATERIALS AND METHODS
The field experiments were carried out in the Department of Plant Breeding and Genetics, College of Agriculture, Vellayani, Trivandrum during 2011 to 2012. The material for the study comprised of 36 accessions of okra collected from different geographical regions of India. The details of the germplasms used in the present study are given in Table 1 . Crop management practices were followed as per the recommendation of Kerala Agricultural University (2007).
Data collection and analysis
All the 36 germplasms were sown at a spacing of 60×45 cm in a randomized block design with three replication in a plot size of 3.6 m 2 . Five competitive plants per treatment in each replication were selected randomly and tagged. Observations were recorded on these plants for different traits viz., Days to first flowering, number of fruits per plant, leaf axil bearing first fruit, fruit weight (g), number of primary branches, fruit length (cm), plant height (cm), fruit girth (cm), crop duration (days), yield per plant (g) and the mean of five plants for each germplasm per replication were subjected to ANOVA (Panse and Sukhatme 1985) to examine the presence of statistically significant differences among accessions for the characters measured. Genotypic and phenotypic analysis coefficient of variation were performed as per formula suggested by Burton (1952) . Heritability and genetic advance were calculated by using the formula given by Lush (1937) and Allard (1960) . Heritability ＞80% considered as high (Robert et al. 2009 ). Genotypic and phenotypic correlation coefficients were calculated using SPAR 2.0 (http://iasri.res.in/spar/.) based on the respective variances and co-variances of the characters which showed significant variation in the ANOVA. And finally, based on correlation matrix and similarity matrix, multivariate analysis like principal component analysis (PCA), and cluster analysis were performed on Genstat 13.1 release (2010; VSN International, Hemel Hempstead, UK).
RESULTS

Mean performance and genetic variability
The 36 germplasms differed significantly (Table 2) for all the characters studied. The range and mean for all the characters presented in Table 3 . The mean values for days to first flowering ranged from 36.33 to 46.53; leaf axil bearing first fruit ranged from 4.13 to 6.73; number of primary branches ranged from 1.00 to 4.26; crop duration ranged from 80.26 to 128.06 days. Wide variation was observed for plant height from 45.73 to 138.40 cm. Fruit related traits differed significantly among the germplasms. Number of fruits per plant ranged from 10.13 to 23.26, fruit weight was from 9.60 to 20.86 g, fruit length ranged from 9.23 to 16.09 cm and fruit girth ranged from 5.32 to 7.36 cm. High range of variation was observed for yield per plant ranging from 127.96 to 482.92 g.
In the variability studies (Table 3) , phenotypic coefficient of variation (PCV) was higher than genotypic coefficient of variation (GCV) for all the characters with close correspondence between them. This indicated the fact that environmental influence was very low and hence selection for these characters would be made based on their phenotypic performance. Moderate and high GCV values for most of the characters except days to first flowering, fruit length and fruit girth revealed the presence of high magnitude of genetic variability in the population studied. Among the ten characters studied, seven characters displayed high heritability (low ＜30%, moderate 31% to 60% and high ＞60%) coupled with high genetic advance (low ＜10%, moderate 11% to 20% and high ＞20%) as percent over mean. This emphasizes the predominance of additive gene effects for these characters and crop improvement through selection based on these characters would be feasible. Three characters, such as., days to first flowering, fruit length, and fruit girth showed high heritability accompanied with moderate genetic advance over mean implying the role of non-additive effects and hence selection based on these traits may not be rewarding.
Correlation analysis
The Pearson correlation coefficient has been presented in Table 4 . The crop duration was highly significantly correlated with plant height (r=0.57 at P=0.01) and days to first flowering (r=0.28 at P=0.28). The number of fruits per plant had positive significant correlation with number of primary branches (r=0.36 at P=0.01) and vice-versa. Selection of germplasm with more primary branches leads to correlated selection for more number of fruits per plant in Okra. Increase in primary branches results in increases the number of fruits. The association between fruit weight was linearly correlated with number of fruits per plant at P=0.05 with correlation value of r=0.25. There was positive significant correlation among fruit length and fruit weight (r=0.48 at P=0.01). This signifies that increase in Okra fruit length result in increase in fruit weight. Fruit girth had significant correlation with number of fruits per plant (r=0.39) and fruit weight (r=0.38) at P=0.01. The yield per plant had strong significant correlation with number of fruits per plant (r=0.79) and fruit weight (r=0.78), fruit girth (r=0.46) and number of primary branches (r=0.35) at P=0.01. Number of fruits per plant, fruit weight, fruit girth and number of primary branches were important traits for selecting high yielding germplasm in Okra.
Principal component Analysis
PCA (Table 5 , Fig. 1 ) was performed in order to provide 
Cluster analysis
The hierarchical cluster analysis among 36 germplasm for yield and yield related traits using coefficient of Euclidean complete linked similarity index resulted in four different clusters (Fig. 2) . The clustering was not based on similar geographical origin. Cluster I found to be largest as it accommodated 12 germplasms. The cluster II comprised of 8 germplasms. The cluster III found to be the smallest among the four clusters and it comprised of 6 germplasms. The cluster IV comprised of 10 germplasms. 
DISCUSSION
The Okra germplasms exhibited sizeable variation for all the characters. Among thirty six germplasms studied, few germplasms were found to flower earlier in 37 days, which may be exploited in breeding programme to produce early types. Similar results were reported by Rajani and Manju (1997) . Sixteen germplasms had more branches than the general mean and twenty germplasms had fewer branches than general mean (2.08). The leaf axil bearing first fruit found to be have exhibited good amount of variation and Eighteen germplasms have recorded plant height less than mean value 96.73 cm and remaining germplasms have been found to be tall. The crop duration also exhibited commendable variation. The above findings were supported by Rajani and Manju (1997) , and Duggi et al. (2013) . Considerable amount of variation was noticed for fruit characters viz., number of fruits per plant, fruit weight, fruit length, and fruit girth and corroborative findings were reported by Akotkar et al. (2010) and Duggi et al. (2013) . The yield per plant showed remarkable high variation in the present study and it was also supported by Akotkar et al. (2010) and Duggi et al. (2013) .
Greater magnitude of PCV and GCV was observed for yield per plant and its component characters like number of primary branches and plant height. These findings are in agreement with Thirupathi Reddy et al. (2012) and Duggi et al. (2013) . Moderate PCV and GCV were observed for number of fruits per plant, leaf axil bearing first fruit, fruit weight, and crop duration and corroborative findings were reported by Rajani and Manju (1997) and Mulge et al. (2004) . In the present study, the days to first flowering, fruit length and fruit girth recorded low PCV and GCV values. This indicates the presence of narrow genetic base for these traits. This is in conformity with the findings of Dhankar and Dhankar (2002) and Akotkar et al. (2010) .
High heritability for days to first flowering and number of primary branches in the present investigation is in accordance with the reports of Thirupathi Reddy et al. (2012) . High heritability estimated for plant height, fruit yield and its related characters like number of fruits per plant, fruit weight, fruit length, and fruit girth in the present study is well in agreement with the reports of Thirupathi Reddy et al. (2012) and Duggi et al. (2013) . High estimates of genetic advance as percentage of mean were recorded for number of primary branches, number of fruits per plant, plant height, crop duration (days), leaf axil bearing first fruit, fruit weight and yield per plant. Several research findings are in line with this result such as Akotkar et al. (2010) , Thirupathi Reddy et al. (2012) and Duggi et al. (2013) .
Yield had positive association with number of fruits per plant, fruit weight, fruit girth and number of primary branches in the present study is well in agreement with reports by Sindhumole et al. (2006) and Adiger et al. (2011) . The significant positive correlation of fruit yield per plant with number of fruits per plant, fruit weight, fruit girth and number of primary branches indicates that selection for these characters would lead to simultaneous improvement for yield per plant in okra.
PCA indicated high genetic diversity among the okra germplasm is in accordance with the report of Sharma and Prasad (2010) . The cluster analysis revealed that cluster I represents germplasms from diverse geographical regions of India. Cluster I comprised of early crop duration germplasms which has collected from malapuram and very popular land races with stand against biotic and abiotic stresses as it has been adapted to local climatic condition. This cluster also included of dwarf germplasm. The cluster II comprised of early crop duration germplasm which has been collected Vellayani, Kerala. Cluster III comprised of germplasms having high fruit length which has been collected from Thiruvanantapuram, Kerala. The cluster III comprised of germplasms having high number of primary branches, high fruit girth, higher number of fruits per plant, high fruit weight, early flowering types, and high fruit yield per plant. The last cluster assumes greater significance in breeding programme as it accommodated most of the desirable which breeder looks for developing new hybrid or variety. Crossing programme involving genetically diverse lines has been effective for the development of novel hybrids with high rate of heterosis in the desired direction (Mallikarjun et al. 2010) . As cluster IV has highest value for fruit weight (g), yield per plant are an important yield related trait, therefore hybridization of cluster I with cluster IV would be beneficial with the advantage that cluster I leading local varieties and check varieties performing excellent in under diverse climatic conditions of India.
From this study, it also evident that yield and its related traits offer immense scope for improvement through selection based on their high magnitude of heritability and genetic advance. The significant positive correlation of fruit yield per plant with number of fruits per plant, fruit weight, fruit girth and number of primary branches indicates that selection for these characters would lead to simultaneous improvement for yield per plant. This study also confirmed that presence of genetic diversity for further use in improvement program.
